Background {#S0001}
==========

Unintentional childhood injuries in and around home are a major public health problem and the second leading cause of death due to injuries after road traffic accidents.[@CIT0001]--[@CIT0005] However, most of these injuries are preventable.[@CIT0006]--[@CIT0008] Such injuries have a major impact on the education, family relationship, and emotional and psychological well-being of the child and cause economic and social burden on the families; therefore, preventing these injuries is paramount.[@CIT0009] The spectrum of fall-related home injuries varies from minor injuries requiring first aid or those requiring outpatient health care visits that can lead to hospitalizations, such as burns and scalds, to major injuries such as choking, strangulation, and drowning, which are often fatal.[@CIT0002],[@CIT0004],[@CIT0010] However, establishing a global spectrum of unintentional fall-related injuries is difficult because of the lack of valid data, particularly for nonfatal injuries, from low-and-middle-income countries (LMICs).[@CIT0004],[@CIT0006],[@CIT0007]

Childhood unintentional falls are associated with various factors such as age; sex; geographical area; child development; parental literacy; overcrowding at home; home environment including unsafe building designs such as stairs, windows, and roofs without safety grills; unsafe storage of potentially hazardous substances such as kerosene and medicine; unsafe kitchen with access to stove and knives; and insufficient household lighting.[@CIT0002]--[@CIT0004],[@CIT0010],[@CIT0011]

Despite a relatively high burden of injuries and falls, with 92% of all Disability-Adjusted Life Years (DALYs) lost due to falls, policy-makers in LMICs including India have considered injuries and falls as low priority.[@CIT0004] Furthermore, population-based studies on this topic are lacking due to poorly maintained death registers, inappropriate coding of causes of death, lack of standard definitions of home accidental mortality and morbidity, and lack of hospital-based injury surveillance.[@CIT0002],[@CIT0004],[@CIT0012],[@CIT0013] This lack of data on local injury problems hampers appropriate resource allocation to prevent and treat fall-related injuries in LMICs. Therefore, this study aimed to determine the burden, anatomical distribution, risk and protective factors, and outcomes of unintentional, nonfatal childhood fall-related injuries at home through a community-based survey in Ujjain, India.

Methods {#S0002}
=======

Study Site and Population {#S0002-S2001}
-------------------------

The study was conducted by the Department of Pediatrics, RD Gardi Medical College (RDGMC), in Ujjain district in the western part of Madhya Pradesh, India.[@CIT0014] The district has a population of 1.9 million with a sex ratio (females per thousand males) of 958 in urban areas and 975 in rural areas.[@CIT0014] Approximately 61% of the population lives in rural areas.[@CIT0014] The key population and household profiles, such as population below 15 years; sex ratio; literacy rates; fertility rates; households with safe drinking water, cooking fuel, and electricity; and maternal and child characteristics are described in National Family Health Survey-4.[@CIT0015]

The Multidimensional Poverty Index 2018 indicated that Madhya Pradesh ranked third among all states with a Multidimensional Poverty Index of 0.180 against a national average of 0.121, indicating higher acute poverty than the national average.[@CIT0016] The household survey was conducted in both rural and urban areas. From the rural area, seven villages were randomly selected from the Demographic Surveillance Site of RDGMC.[@CIT0017] Out of these 7 villages, 1214 households including 3401 children were included in the survey. From the urban area, 10 geographically contiguous slums in Ujjain city, having 2,000 households including 10,000 individuals, around the Urban Health Centre of RDGMC were selected. Out of these urban slums, 1304 households including 2907 children were included in the survey. The number of individuals per household is approximately 5.1 in Ujjain district,[@CIT0015] which is comparable with the population included in the study. Ujjain is a typical regional city of India having 30--50% of new middle-class population, which spends between US \$2 and US \$10 per capita per day.[@CIT0018]

Recruitment of Participants and Data Collection {#S0002-S2002}
-----------------------------------------------

According to the WHO guidelines for sample size calculation for community surveys of injuries, the minimum sample size was calculated as 1173 children each for the rural and urban areas.[@CIT0019] Accordingly, the survey included 3401 and 2907 children from urban and rural areas, respectively, with a response rate of 98%. The details of sample size calculation and sampling frame have been published previously.[@CIT0020]

A total of 2846 households in the sampling frame were approached, of which, 2514 households were identified as having children aged 1 month to 18 years old. From these households, 6308 children were recruited in the study after obtaining signed informed consent from the household head. Three trained study assistants interviewed the female head of the households, along with two team leaders who supervised the data collection. Information on fall-related injuries was collected using a questionnaire developed using WHO Training Educating and Advancing Collaboration in Health on Violence and Injury Prevention (TEACH-VIP 2) guidelines for injury survey.[@CIT0019] Another structured questionnaire was used to interview caregivers to collect household demographic data.[@CIT0020]

Field Definitions of Unintentional Home-Related Injuries {#S0002-S2003}
--------------------------------------------------------

This study included only unintentional, nonfatal, fall-related injuries occurring at home that were recalled and reported by the female household head and/or the participants or the male household heads (n = 7), during the last 1-year period, ie, 2015--16. Participants could report multiple injuries for each episode of fall and also multiple falls in the last 1-year period. Injuries were correlated with the mechanism of injury and classified as unintentional and nonfatal according to the International Classification for External Causes of Injuries.[@CIT0009]

A fall in the injury cases was defined according to the Preventions of Falls Network Europe Consensus as "a sudden and unintentional change in position resulting in an individual landing at a lower level such as on an object, the floor, or the ground, with or without injury".[@CIT0021] Only falls associated with injuries are reported in the present study. The details of place, height, and time of fall, first aid provided, and hospitalizations following falls were also noted. In a household cooking area was considered separate if it was outside the house or was located at a height of at least one meter from the floor.

Data Management and Data Analysis {#S0002-S2004}
---------------------------------

The data were coded and entered in Epi Info^TM^ (Version 7.2). Data analysis was done using Stata (Version 13.0, StataCorp, College Station, TX, USA). Proportions of fall injuries were reported with corresponding 95% confidence intervals (CIs). Bivariate analysis was done using Chi-square test to compare proportions of fall injuries by gender (girls versus boys), age (1 month to 1 year versus more than 1 year to 5 years, more than 5 years to 10 years, more than 10 years to 18 years), rural versus urban residence, family type (nuclear versus joint), number of family members (3--4 versus 5--10 versus more than 10), number of siblings (up to 2 versus 3 or more), mother live versus not, father alive versus not, cooking area combined versus separate. Crude odds ratios (OR) were calculated from two-by-two tables. Adjusted odds ratios (aOR) of falls for various covariates having *P* value \<0.1 were calculated with a backward multivariate logistic regression model. A *P* value \<0.001 was considered statistically significant. For the final model, model discrimination was done using a concordance-statistics-receiver-operating-characteristics (ROC) curve, while model calibration was done using the Hosmer--Lemeshow "goodness-of-fit" test.[@CIT0022],[@CIT0023] The Institutional Ethics Committee of R. D. Gardi Medical College, Ujjain, approved the study (Approval No.-354/2014)

Results {#S0003}
=======

Incidence of Falls {#S0003-S2001}
------------------

In the survey, 6308 children reported a total of 491 unintentional, nonfatal, fall-related injuries at home, indicating an overall incidence rate of 7.78% (95% CI: 7.12--8.84). A total of 338 (69%, 95% CI: 64.51--72.91) fall injuries received first aid and 40 (8%, 95% CI: 5.91--10.95) falls resulted in hospital admissions. The overall incidence of falls that required first aid was 68.84% (95% CI: 64.61--72.78) and that of those requiring hospitalization was 8.15% (95% CI: 6.04--10.9).

The commonest places of injury were the streets in front of home, veranda, rooms, terrace, agriculture fields, stairs, and bathroom with incidence rates of 32%, 22%, 14%, 10%, 10%, 5%, and 4%, respectively.

Types and Anatomical Distribution of Fall Injuries {#S0003-S2002}
--------------------------------------------------

The most common type of injury was abrasions (n = 356), followed by cuts (n = 176) and contusions (n = 144). The age and gender-related distribution of fall injuries is shown in [Table 1](#T0001){ref-type="table"}. The most common anatomical site of injury was the head (n = 300), followed by lower extremities (n = 257; [Figure 1](#F0001){ref-type="fig"}). [Table 2](#T0002){ref-type="table"} provides the age and gender-related distribution of anatomical sites of injury.Table 1Anatomical Distribution of 974 Fall-Related Injuries According to Age and Gender in 491 Children from the Community Survey in Ujjain, IndiaNumbersTotalHeadFoot, Ankle, FingersHands, Wrists, FingersFaceLower Extremity Till LegsAbdomen and PelvisUpper Extremity Till ForearmShoulders, Chest and BackNeck(n = 974)(n = 300)(n = 257)(n = 122)(n = 102)(n = 101)(n = 39)(n = 29)(n = 20)(n = 4)Age 1 month-1 year33 (3)19 (6)4 (2)0 (0)7 (7)3 (3)0 (0)0 (0)0 (0)0 (0) \>1 year--5 years271 (28)116 (39)50 (19)27 (22)40 (39)28 (28)7 (18)3 (10)0 (0)0 (0) \>5 years--10 years339 (35)113 (38)75 (29)45 (37)31 (30)29 (29)17 (44)18 (62)10 (50)1 (25) \>10 years--18 years331 (34)52 (17)128 (50)50 (41)24 (24)41 (41)15 (38)8 (28)10 (50)3 (75)Gender Girls322 (33)101 (34)80 (31)37 (30)33 (32)34 (34)18 (46)5 (17)12 (60)2 (50) Boys652 (67)199 (66)177 (69)85 (70)69 (68)67 (67)21 (54)24 (83)8 (40)2 (50)[^1] Table 2Distribution of Types of Injury of 974 Falls According to Age and Gender in 491 Children from the Community Survey in Ujjain, IndiaNumbersTotalAbrasionCutsContusionsAbrasions and ContusionFracturesMuscular InjuriesJoint DislocationPenetrating InjuriesAmputationCrush InjuriesNerve Injury(n = 974)(n = 356)(n = 176)(n = 144)(n = 114)(n = 60)(n = 44)(n = 31)(n = 18)(n = 16)(n = 9)(n = 6)Age 1 month-1 year33 (3)13 (4)5 (3)10 (7)4 (4)0 (0)1 (2)0 (0)0 (0)0 (0)0 (0)0 (0) \>1 year--5 years271 (28)105 (29)54 (31)52 (36)37 (32)8 (13)4 (9)3 (10)2 (12)5 (31)1 (11)0 (0) \>5 years--10 years339 (35)128 (36)55 (31)43 (30)36 (32)28 (47)15 (34)11 (35)8 (44)4 (25)5 (56)6 (100) \>10 years--18 years331 (34)110 (31)62 (35)39 (27)37 (32)24 (40)24 (54)17 (55)8 (44)7 (44)3 (33)0 (0)Gender Girls322 (33)129 (36)53 (30)51 (35)33 (29)15 (25)20 (45)8 (26)7 (39)3 (19)2 (22)1 (17) Boys652 (67)227 (64)123 (70)93 (65)81 (71)45 (75)24 (55)23 (74)11 (61)13 (81)7 (77)2 (83)[^2] Figure 1Anatomical location of 974 injuries resulting from 491 falls in the study.

Bivariate Analysis {#S0003-S2003}
------------------

In bivariate analysis, boys were more likely to sustain falls than girls (OR: 1.83, 95% CI: 1.52--2.30; *P* \< 0.001). In addition, falls were significantly correlated with age ([Table 3](#T0003){ref-type="table"}). Children aged between 5 and 10 years had a maximum incidence of fall-related injuries (OR: 2.91, 95% CI: 1.75--4.85; *P* \< 0.001). Children living in urban locations and orphans had a higher incidence of falls compared with those living in rural areas ([Table 3](#T0003){ref-type="table"}). Children living in joint families (OR: 0.82; 95% CI: 0.68--1.45; *P* = 0.044), with more than five family members (OR: 0.64; 95% CI: 0.519--0.796; *P* \< 0.001), and with three or more siblings (OR: 0.73; 95% CI: 0.611--0.886; *P* = 0.001) had a lower incidence of falls ([Table 4](#T0004){ref-type="table"}).Table 3Demographic Characteristics of 6308 Children and 491 Children with Fall Included in the Community Survey in Ujjain, IndiaVariablesTotal n = 6308Fall InjuryOR95% CIP valueYes n = 491 (8%)No n = 5817 (92%)Gender Girls3056 (48)177 (6)2879 (94)ReferentReferent-- Boys3252 (52)314 (10)2938 (90)1.731.43--2.10\<0.001Age 1 month -- 1 year452 (7)17 (4)435 (96)ReferentReferent-- \>1 year -- 5 year1474 (23)139 (9)1335 (91)2.661.59--4.45\<0.001 \>5 year -- 10 year1680 (27)172 (10)1508 (90)2.911.75--4.85\<0.001 \>10 year--18 year2702 (43)163 (6)2539 (94)1.640.98--2.730.056Residence Rural3401 (54)236 (7)3165 (93)ReferentReferent- Urban2907 (46)255 (9)2652 (91)1.281.07--1.550.007 Table 4Family Related Characteristics of 6308 Children and 491 Children with Fall Included in the Community Survey in Ujjain, IndiaVariablesTotal n = 6308Fall InjuryOR95% CIP valueYes n = 491 (8%)No n = 5817 (92%)Family Type Nuclear3325(54)280(8)3042(92)ReferentReferent-- Joint2986(47)211(7)2775(93)0.820.68--1.450.044Number of Family Members ≤41267(20)135(11)1132(89)ReferentReferent-- 5--104225(67)301(7)3924(93)0.640.519--0.796\<0.001 \>10816(13)55(7)761(93)0.600.439--0.8400.003Number of Siblings Up to 22382 (38)218 (9)2164 (91)ReferentReferent-- 3 or more3926 (62)273 (7)3653 (93)0.740.61--0.890.002Mother Alive Yes6232(99)479(8)5753(92)ReferentReferent-- No76(1)12(16)64(82)2.251.207--4.2010.011Father Alive Yes6115(97)468(8)5647(92)ReferentReferent-- No193(3)23(12)170(88)1.631.045--2.5480.031Cooking Area Combined3729(59)312(8)3417(59)ReferentReferent-- Separate2579(41)179(7)2400(93)0.810.674--0.9880.038

The majority (n = 339, 69%) of falls occurred from 12 p.m. to 6 p.m. Moreover, the majority (n = 248, 51%) of falls occurred at the ground level. The height of fall was more than 2 m in 52 (11%) injuries.

Multivariate Analysis {#S0003-S2004}
---------------------

Multivariate logistic regression showed that falls were associated with gender (higher incidence in boys versus girls); age (greatest in age group of 5--10 years); place of residence (urban greater than rural), number of members in the family (less falls in larger families), separate cooking area; and if mother was not alive ([Table 5](#T0005){ref-type="table"}).Table 5Adjusted Odds Ratios of Sociodemographic Risk Factors for 491 Children with Fall Included in the Community Survey in Ujjain, IndiaAdjusted OR95% CIP valueGender GirlsReferentReferent Boys1.731.43--2.10\<0.001Age (Continuous Variable)0.970.960--0.9940.009Residence RuralReferentReferent-- Urban1.251.038--1.5110.018Number of Members in Family ≤4ReferentReferent-- 5--100.690.563--0.8680.001 \>100.670.485--0.9470.023Cooking Area CombinedReferentReferent-- Separate0.820.683--1.0050.057Mother Alive YesReferentReferent-- No2.091.106--3.9490.023

Model Performance {#S0003-S2005}
-----------------

The ROC of the final model was 0.7092 showing an excellent model fit. The Hosmer--Lemeshow test showed that chi-square was 11.12 (*P* = 0.295) showing good model calibration.

Discussion {#S0004}
==========

To our knowledge, this is the first study to report the incidence and risk factors associated with home-related falls in children and adolescents ≤18 years of age in central India. An injury incidence of 7.78% translates into an estimated 60 million nonfatal childhood and adolescent fall injuries in India. The findings of the study add to the evidence that childhood nonfatal fall injuries are an important public health problem and should be incorporated in injury prevention programs. Falls are the most common injuries that occur at home. Our study reports a higher incidence of injuries in Ujjain than that reported by other studies from India[@CIT0020],[@CIT0024]--[@CIT0027] and Nepal, which reported an incidence of 5.72% among children between 0 and 14 years of age.[@CIT0028] Other LMICs also reported a high incidence of childhood fall injuries.[@CIT0029]--[@CIT0032]

A total of 338 (69%) fall injuries received first aid and 40 (8%) falls resulted in hospital admissions. Of the total of 974 injuries, the commonest injury was abrasions (37%), followed by cuts (18%) and contusions (15%). Abrasions and cuts are considered the commonest outcome of fall injuries, which may lead to scars over bony prominences such as the knees, shins, and forehead. These injuries are considered minor and treatable at home and hence are most frequently neglected.[@CIT0033] The most common anatomical site of injury in this study was the head (31%), followed by lower extremities (26%). A systematic review reported that the head is the most common anatomical site of injury after a fall.[@CIT0033] In a study in Bangladesh, head, face, and chest injuries were frequent in younger children (\<4 years); upper limb injuries were frequent in older children (5--9 years old); and lower limb injuries were frequent in young adults (10--24 years old).[@CIT0034]

Boys were more likely to sustain falls than girls and children aged between 5 and 10 years had a maximum incidence of fall-related injuries in the study. Worldwide, multiple studies have shown that boys have a higher incidence of fall than girls.[@CIT0006],[@CIT0011],[@CIT0013],[@CIT0025],[@CIT0027],[@CIT0028],[@CIT0033]

The majority (n = 248, 51%) of falls occurred at the ground level, which is similar to that reported earlier.[@CIT0011],[@CIT0027],[@CIT0028] Results of a multivariate logistic regression demonstrated that type of residence, number of members in the family, type of cooking area, and whether the mother was alive were significantly associated with fall injuries. Moreover, the surrounding environment plays a crucial role in the occurrence of injuries; rural outmigration has resulted in overcrowded cities, which makes children living in urban areas more prone to unintentional fall-related injuries.[@CIT0006] Accordingly, in the present study, children living in crowded urban areas experienced more injuries compared with children living in rural areas. Moreover, according to WHO, overcrowded housing and living conditions are critical risk factors for fall-related injuries.[@CIT0005] Furthermore, children living in families, with more than five members, and with three or more siblings experienced less falls in the present study, which is similar to the results reported by other studies from India and China.[@CIT0026],[@CIT0035] Most injuries to young children are preventable and can happen due to lapses in caregiver attention.[@CIT0036] Large families can have more adults to supervise. This could explain the protective effect of large families on unintentional fall-related injuries in our study. However, other studies from resource-rich settings have shown that a large number of siblings at home can increase the risk of all types of injuries.[@CIT0036] However, in many resource-constrained settings, elder siblings act as caregivers and provide supervision for their younger siblings.[@CIT0037] Increased risk of falls among children whose mothers were not alive further substantiates this point. However, what defines and quantifies supervision and how to measure it, remains elusive.[@CIT0036] A separate and inaccessible cooking area in the household had a protective effect on fall-related injuries. This may be because of the Indian tradition of cooking at ground level. WHO report on injury prevention also reported a protective effect of separate cooking area on injuries including fire injuries.[@CIT0004]

Strengths and Limitations {#S0004-S2001}
-------------------------

The survey was done in both rural and urban areas using the standard and validated WHO survey tools. To minimize potential biases the interview was carried out with the mother by trained interviewers. However, the study certain limitations. The responses of the mothers might have varied according to their health awareness in general and of injuries in particular. The recall period of 1 year used in the study for nonfatal falls might be too long especially, if the fall did not result in a significant injury. As Ujjain is a typical regional city of India with the rising new middle class of India, which is quite diverse geographically and socially,[@CIT0018] we feel the results are generalizable to similar regional cities of India and other middle-income countries. However, to substantiate these results, a nationwide survey through multi-centre survey project is needed in India.

Conclusions {#S0005}
===========

The incidence of fall injuries among children occurring at home in Ujjain, India is high, similar to other resource constraint settings. The incidence was higher in rural areas, in the age group of 5--10 years and in families where mother was not alive. Large and combined families had a lower incidence of falls. These findings will form the basis of future intervention studies to prevent unintentional fall injuries among children in India and in similar resource-constrained settings.
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